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本论文主要工作：（1）在 FTO 透明导电基底表面制备致密的超长 TiO2 纳米
棒阵列膜，并通过浓盐水热化学刻蚀改变 TiO2 纳米棒阵列的表面形貌，增大其
比表面积, 同时探索经刻蚀 TiO2纳米棒阵列膜应用于 CdS/CdSe 量子点敏化太阳




膜，通过水热刻蚀改变 TiO2 纳米棒阵列的形貌、增大膜层的比表面积。在 TiO2
纳米棒阵列膜表面沉积 CdS 和 CdSe 量子点，成功制备了 CdS/CdSe 量子点敏化





度，这是目前基于 CdS/CdSe 量子点敏化 TiO2纳米棒阵列光阳极太阳能电池的最
高纪录。 
2. 采用简单的化学水浴法在 FTO 透明导电基底表明制备了均匀规整的
Co(CO3 )0.35Cl0.20(OH)1.10·1.74H2O 纳米针阵列膜层，并通过水热法将这种纳米针















Co9S8 纳米针阵列膜层与 FTO 导电基底结合力。首次实现了在 FTO 导电基底表
面 制 备数 微米 长的 Co9S8 空 心纳 米针 阵 列膜 。进 而系统 地 研究 了
Co(CO3 )0.35Cl0.20(OH)1.10·1.74H2O 转化为 Co9S8 的过程，并阐明了实心结构纳米
针转换为空心结构纳米针的转换机理。通过退火处理提高 Co9S8 空心纳米针阵列
的结晶度，并将制备的 Co9S8 电极应用于量子点敏化太阳能电池对电极，使量子
点敏化太阳能电池的光电转换效率到达 3.72%，这比基于 Pt 对电极的量子点敏
化太阳能电池的光电转换效率提高了近 75%。 
 



















Conversion of solar energy is one of the most effective way to solve the energy 
crisis and environment pollution nowdays. Various solar cells converting the solar 
energy to clean electricity have attracted much attention of researchers around the 
world. Due to the simplified preparation process, low cost of raw materials, high 
theoretical efficiency, designability of the devise, quantum dot-sensitized solar cells 
(QDSCs) are viewed as promising photoelectric conversion devises. For the moment, 
the conversion efficiency of QDSCs is above 6%, however it is still difficult for 
commercialized application in large scale. One-dimensional nanomaterials can 
provide shorter electron transport path, facilitating the transport of the electron in the 
nanomaterials. Ordered nanoarray materials is beneficial for the diffusion and transfer 
of the species on the surface of electrodes and can provide large specific surface area. 
So, one-dimensional nanoarray materials applied in QDSCs is expected to further 
improve the conversion efficiency of the device. 
In this thesis, densely aligned ultralong rutile TiO2 nanorod array films were 
grown on transparent conducting FTO substrates, chemically etched to change the 
morphology of TiO2 nanorod arrays. Then the etched TiO2 nanorod array films were 
used as a photoanode in the CdS/CdSe quantum dot-sensitized solar cells. On the 
other hand, the Co9S8 hollow nanoneedle arrays were fabricated on the conducting 
FTO substrates, and then applied as counter electrodes in QDSCs. The main results 
achieved in this work are listed as following: 
1. Ultralong rutile TiO2 nanorod arrays were grown on the conducting FTO 
substrates by hydrothermal method, chemically etched in hydrochloric acid. The CdS 
and CdSe quantum dots were deposited on TiO2 nanorod arrays by successive ionic 
layer adsorption and reaction (SILAR) and chemical bath deposition (CBD), 
respectively. Systematical investigations were conducted to verify the effect of 















CdSe quantum dot on TiO2 nanorod arrays was investigated. The experimental results 
showed that the chemical etching treatment greatly enhanced the specific surface area 
of TiO2 nanorod arrays. There is an optimal number of CdSe quantum dot for QDSCs, 
and longer TiO2 nanorod (>10μm) makes for better performance of QDSCs. An 
optimized conversion efficiency of 2.66% with a short circuit current density (J0) 
17.22mA/cm2 was achieved, which was up to now the highest J0 of the QDSCs based 
on CdS/CdSe quantum dot sensitized TiO2 nanorod arrays. 
 2. The ordered Co(CO3 )0.35Cl0.20(OH)1.10·1.74H2O nanoneedle arrays were 
grown on FTO substrates by the chemical bath deposition, and then transformed to 
Co9S8 hollow nanoneedle arrays by hydrothermal method. The TiCl4 treatment of the 
FTO substrates improved adhesion between the Co9S8 hollow nanoneedle arrays films 
and the FTO substrates. Several micrometers long of Co9S8 nanoneedle arrays films 
was fabricated on FTO substrates for the first time. Systematical investigations were 
performed to identify the process of solid Co(CO3)0.35Cl0.20(OH)1.10·1.74H2O 
nanoneedle converting to Co9S8 hollow nanoneedle. Then the Co9S8 hollow 
nanoneedle array films as counter electrodes were applied in QDSCs. Our 
experimental results showed that Co9S8 hollow nanoneedle was formed by the 
Kirkendall effect, annealing treatment increase the degree of crystallinity of the Co9S8 
hollow nanoneedle films and strengthen the electrocatalytic activity to the polysulfide 
redox couple in the electrolyte. A conversion efficiency of 3.72% was achieved of 
QDSCs with annealed Co9S8 hollow nanoneedle array film counter electrodes, while 
QDSCs with Pt counter electrodes just showed a conversion efficiency of 2.12%.  
 
Keywords: TiO2 nanorod arrays; CdS/CdSe quantum dot-sensitized solar cells; 
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